Single-molecule visualization of environment-sensitive fluorophores inserted into cell membranes by staphylococcal gamma-hemolysin.
Single-molecule imaging of the entrance of a protein into the hydrophobic environment of a cell membrane was investigated. The pre-stem of LukF, one of the two components of the pore-forming toxin staphylococcal gamma-hemolysin, was specifically labeled with 6-bromoacetyl-2-dimethylaminonaphthalene (Badan), an environment-sensitive fluorophore. Incubation of this derivative with erythrocyte ghost membranes resulted in a pronounced increase in fluorescence indicating insertion of Badan into the hydrophobic interior of the lipid bilayers. However, the increase in fluorescence was completely dependent on the interaction of Badan-labeled LukF with the gamma-hemolysin second component. Individual spots of Badan fluorescence on erythrocyte membranes were visualized that were associated with single pores. Analyses of the intensities of these fluorescent spots and their photobleaching independently showed that a single pore contained 3-4 LukF molecules. Thus, environment-sensitive fluorophore signals can be used to study the insertion of specific protein domains into cell membranes at the single-molecule lever, and the use of this approach in the present study revealed that a single gamma-hemolysin pore opening contains at least three LukF molecules.